Introduction: Dental education emphasises the acquisition of technical skills. Recent
gical guides and pre-interventional working models enable surgeons to anticipate and secure their procedure. 3 As a result, the preparation of interventions is more precise and personalised, and this customisation can be extended to pre-clinical simulation models. The use of a 3D
printed model has proved its efficiency in developing surgical skills. 4 However, in many universities, pre-clinical training uses series models, such as the Frasaco® and KaVo® models. Those models are often made using a perfectly shaped alveolar ridge and undamaged teeth. Although industrials have tried to propose models with simulated caries, some of the resulting situations are not realistic, and therefore, some authors have developed their own simulation models for clinical training. Such work has been carried out in various dental fields: endodontic, using natural teeth embedded in resin, 5 implantology 6 or dental surgery. 7 Anderson et al demonstrated all the benefit of 3D printing technology in the field of endodontics, from clinical to educational use. 8 More recently, Kröger et al designed and printed a 3D model for restorative dentistry, with missing teeth and dental caries. 9 Werz et al printed a low cost 3D surgical simulator by modifying a high-resolution cone-beam, giving the possibility to practice performing sinus-lift or third molar extraction. 10 To date, no printed model has simulated complete dental arches, including endodontic simulation, based on computed tomography of a real patient. The aim of the present study was to develop a 3D printed model for paediatric dentistry training from the CT scan of a patient and compare it to the reference model used in our faculty. This is the first study to compare students' perception between the 3D and series models.
| MATERIAL S AND ME THOD

| Design and printing of the simulation model
A CT scan was obtained from a young patient needing oral surgery (extraction of odontoma). All the data of the computed tomography were anonymised and were converted into.stl files using Amira® software.
The modifications of the files were achieved with the same software.
The mandibular dental arch was isolated and the preparation of the 3D model file consisted in modifying (enlarging) carious lesions to highlight pulp proximity ( Figure 1) . Then, the file was exported using Netfab® software to print it on a Solflex 350 3D® printer (Voco® GmbH, Cuxhaven, Germany). The light-curing V-print model was used with the following settings: Schienen support scripts, 0.2 mm resolution, and "FlexVat gentle"
mode. The models were printed with a hole in the print to simulate a cavity and an intact enamel layer to simulate clinical reality more closely ( Figure 1 ). 3D models were printed in series of 4 at each printing cycle ( Figure 2 ). The cycles lasted approximately three hours.
| Comparison of 3D models versus reference models
| Participant recruitment
A call for participation was launched on the Facebook page of the 5th year students of the Toulouse Faculty of Dental Surgery. Fifth year students were chosen because they have one complete year of clinical experience in paediatric dentistry and are experienced in using the standard models. This practical session was outside university hours and not mandatory. As a result, only student volunteers participated in this study. It allowed students to review the technical basics of pulpotomy and the preparation of a preformed stainless steel crown on temporary teeth. Thirty-four students agreed to participate out of the 82 in the 5th year. A unique anonymity number was assigned to each student and this experimentation was validated from an ethical point of view by the Board of the Toulouse Faculty of Dental Surgery.
| Evaluation of the models
The students were asked to perform a pulpotomy and the prepara- 
| Data analysis
The results of the questionnaire were transcribed to Excel® software (Microsoft, Redmond, USA) and the data were analysed using R® software. A Wilcoxon signed rank test was performed to compare the two groups.
| RE SULTS
Thirty of the thirty-four questionnaires were usable for data analysis. The remaining 4 questionnaires were not used because they were incomplete. The results are given in Table 1 and Figure 3 .
Considering the idea of using the models, both traditional and 3D
printed models scored positively (8.4 vs 7.5) so both seem to have been acceptable to students, with a small, but significant, preference for 3D printing (P = 0.012). However, when asked about the potential learning effect, students awarded both models high scores without statistically significant difference. The same result was achieved for the preparation for the clinical practice: the students found that both models were effective in preparing to treat patients. However, they considered that the 3D printed model gave a more realistic experience than the Frasaco® one (P = 0.017). Regarding the material, the rate of removal does not appear to have been very realistic for either of the models, with a slight difference in favour of the industrial model. Concerning the resins used, the grey colour of the 3D printed model significantly hindered the students (P = 0.009). When it came to model design, the students appreciated the simulation of cavities in 3D models (P = 0.0001) and the absence of the gingival mask was not perceived as a significant weakness. The simulation TA B L E 1 Result to questionnaire for 3D and series models of the pulp chamber was highly rated on both of the models but the situation of the proximal zone, and therefore of the contact point, on the 3D model was not appreciated by the students (P = 0.006).
Finally, the students found no significant difference in the level of difficulty with the two models.
| D ISCUSS I ON
Previous studies aimed to investigate the perceptions of students concerning innovative 3D printed models 5, 9 and haptic or virtual models. 7, 11 This study is the first one to compare 3D printed models to series models from a student's point of view. This is also the first time that paediatric dentistry practice models have been produced from the CT scan of a real patient. This made it possible to simulate part of the endodontic process and, above all, to simulate the proximity of a carious lesion to the pulp. The questionnaire results about 3D models are consistent with those obtained by Kröger et al. 9 As we can see, both of the models obtained a positive evaluation for most of the questions. The results of this study thus suggest that students seem to consider series models as effective for pre-clinical training. The students rated the 3D models positively, as did German students in the study by Kröger et al and also experienced practitioners in the study by Werz et al 10 Therefore, the added value of the present work comes from the comparison of the two models. Although students found them similar in terms of learning or preparation for clinical practice, the idea of printing 3D models from patient scans seemed good to them. It is true that 3D printing technology has expanded considerably in recent years, and that universities have undertaken massive development of fablabs and 3D pedagogical tools, allowing students to know and grasp the value of this technology. 12 One of the most important points is the design of the 3D model. This design must be in line with the pedagogical objective of the practical work session. Thus, in the case of paediatric dentistry work including preparation for a pulpotomy, the simulation of a carious lesion is of great help to the students. The pulp proximity makes it possible to understand the need for pulp therapy and provides a real educational advantage.
Of course, there are limitations to this study. First, it should be noted that only volunteer students participated in this session and there was thus a risk of consulting only the most motivated students.
However, this is not a significant problem since the objective was to compare two models. On the other hand, a potentially greater bias could be that students are accustomed to Frasaco models since the second year of study. Although this does not appear to have been the case, given the results, they may have awarded more favourable scores to material with which they were familiar. Perhaps the most important limitations are related to the models themselves.
There are now more realistic series models simulating cavities, but the choice was made to compare the models habitually used within the Toulouse faculty of dental surgery. The manufacturing of the 3D models could also be considered as a limitation in that the grey-coloured resin used in this study, which, as we saw earlier, was poorly perceived by the students, will be replaced by the Voco® company.
The results should therefore be weighted on this question. The milling sensation obtained the lowest scores (for both 3D and series models), which points out a possible improvement for future models.
Similarly, the design itself of the models can be considered as a bias to the extent that the two models had different designs. In particular, the 3D models printed in this study were monobloc, without simulation of contact points or gingival tissues, whereas the reference models had individualised teeth and simulated gingiva.
However, these shortcomings do not call the overall results of the study into question. In addition, the design and manufacturing issues raised for the models should be questioned and improvement made in the future. Although the simulation of proximal spaces is problematic, this point was not evaluated by Kröger et al However,
this is a major issue in obtaining models for use in restorative dentistry and prosthetic dentistry. The impression of individual teeth implanted in 3D models could perhaps be a solution. In the same way, although the absence of gum simulation was not particularly badly noted by the students, it is a defect that will have to be addressed over the next generations of models. The method used by Werz et al is inexpensive and interesting although it seems time-consuming. 9 With the development of 3D printers, it is already possible to print materials of different colours on the same model 13 and we can expect to be able to print materials of different colours and textures in the coming years. The 3D printed models are also more affordable than buying complete series models. The cost for the resin used for one model (about 30 g of resin) is estimated at 8 euros.
Although all these technical points are important, one of the major items of information provided by this study is that students consider 3D models to provide a more realistic experience. Although this result may seem logical, it should be objectively assessed. Thus, it is possible that this contribution of realism is one of the main benefits of the making of 3D printed models. The fact that they are made on the basis of radiological examinations of real patients allows students to understand both the problems of real pathologies, such as the shape or depth of certain lesions, and also the anatomical complexity and individual variations. This also has the effect of putting the patient back in the centre of the teaching system, and it provides a real gain of meaning for students in their years of learning. It could be a way to adapt the communication strategy to promote professional attitudes. 14 Thus, these 3D models, even if they will not solve the whole problem, could be a small part of a new way of considering dentists' training, making it more realistic and patient-centred.
| CONCLUSION
This study was the first to attempt to compare students' perceptions of 3D printed and serial models. This was also the first time 3D models were built from a CT scan on a child for a hands-on session. While standard models are of good quality for learning certain technical gestures, the simulation of cavities on 3D models was perceived to be a significant advantage. However, the lack of simulation of proximal contacts was a significant shortfall in the current 3D printed technique. In addition, we could see that students were supportive of the idea of 3D printing models. The possibility of modifying the radiological image files, for example by creating carious lesions as was done here, makes it possible to adapt the models more finely to the pedagogical objectives of the practical work session. Of course, there are still many possible ways to improve these models, for example, by changing the quality of resins to improve the milling sensation, or the design to achieve a better proximal area. Finally, by offering the teacher the possibility of modifying the model according to his educational objective, these 3D models offer great freedom from a didactic point of view while giving the patient a more central place in the education of future practitioners.
ACKNOWLEDGEMENT
Authors thank Dr Damien Ostrowski for his photography of models.
CONFLICT OF INTEREST
None of the authors has conflict of interest to declare.
ORCID
Mathieu Marty
https://orcid.org/0000-0003-0579-341X
